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® Silane compositions for reinforcement of poiyoiefins. 

@ There are provided reinforcing additives, e.g., for poiyoiefins, comprising (a) a hydrolyzable silane having an 
ethylenically unsaturated amide substituent and (b> a free radical generator. Also provided Is a single step 
method of using such additives with hydroxyl-containing reinforcements, such as mica to improve processability 
and ptiysical and thermal resistance properties of reinforced resin compositions. 
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SiLANE COMPOSITIONS FOR REINFORCEMENT OF POLYOLEFINS 



This invention relates to twO'Connponent compositions useful to modify the performance of reinforced 
poiynrter compositions and, more particularly, to a reinforcing additive comprising at least one vinyl- 
polymerizable, unsaturated hydroJyzable silane and a free-radical generator. The reinforcing agents of this 
invention are especially useful for improving the adhesion of pofyolefins to hydroxyl-containing mineral 
5 fillers, for example, glass, clay and mica. The invention further contemplates polyolefin compositions having 
enhanced properties due to the presence of such fillers and the said novel two-component compositions. 



BACKGROUND OF THE INVENTION AND PRIOR ART 

10 

Organofunctional silanes are well known in plastic-forming technology as excellent coupling agents for 
bonding organic resins to reinforcement materials. Ordinarily, reinforcement materials are coated with and 
bonded to coupling agents and then intimately blended with the impregnating resins which in turn bond to 

75 functional groups on the coupling agents. Selection of the proper organofunctional silane is usually 
determined by choosing a coupling agent with a functional group that is capable of undergoing a known 
polymerization condensation with one or more of the functional groups of the impregnating resin. Proper 
matching of silane organic functional groups with those of the polymer resin is essential to the formation of 
a strong, thermally- resistant chemical linkage of the two materials. Polyolefins are especially difficult to 

20 reinforce with hydroxyl-containing reinforcements using most conventional silane coupling agents. This is 
evidenced by a lower than optimum property profile, especially resistance to impact and lowered heat 
deflection temperatures. 

Various functional silanes, e.g., glycidoxypropyltrimethoxysilane and methacryloxypropyltrimethox- 
ysilane have been used for many years to improve the adhesion of organic resins to inorganic reinforce- 
25 ments, like glass fibers, silica, wollastonite, clays, mica, asbestos and other hydroxyl-containing materials. 
The silanes hydrolyze and attach themselves to the surface hydrdxyl groups leaving a polymer-compatible 
terminal function. Usually from about 0.06 percent to about 5 percent by weight of the reactive silane 
coupling agent based on the reinforcement additive is used. 

Such a technique is not free from problems when polyolefins, such as polyethylene and polypropylene 
30 are used. Polyolefins blended with conventional si lane- treated hydroxyl-containing fillers are difficult to mold 
because they have reduced flow, requiring higher molding pressures, and the resulting impact strengths 
and heat distortion properties are not optimum. 

There still exists a need to provide improved properties of the overall composition. Specific types of 
property improvements are viscosity reduction, increased physical strength and thermal resistance. The 
35 prior art discloses several types of coupling agents tailored for use with polyolefin systems. In an early 
development, Bixier et al., U.S. 3,471,439, proposed a three-part system, which contained: 

1> an organic compound having a chemical affinity for the surface, which can be, but not necessarily 
is. one of the conventional organofunctional silanes mentioned above; 

2) an organic compound with at least two (2) polymerizable ethylenic unsaturations, such as 1,3- 
40 butyiene glycol dimethacrylate; and 

3) a free-radical generator such as an organic peroxide catalyst 

This three-part composition must be added when the filler is mixed with the matrix polymer. If the filler 
is to be treated prior to addition into the polymer matrix, however, two free-radical catalysts must be used. 
The first is a low-temperature free-radical generator required partially to react and bond the unsaturated 
45 material to the surface. The second is a high-temperature free-radical generator which will remain on the 
surface to react residual unsaturated material with the polymer matrix, at the time the polymer is processed. 
The high temperature free-radicai generator must be tailored to the polymer material, in order to match the 
processing temperature associated with the polymer. The system is undesirably complex and commercially 
difficult to carry out. 

50 Godlewski et di,, U.S, 4,481,322, disclose a four-component system that can be added at the most 
convenient and economical point in the overall formulation procedure, i.e., either pretreating the filler or 
blending everything in the extruder hopper or injection molding machine hopper. However, in order to 
provide the improved physical and processing properties of Godlewski et al.. the following four components 
are disclosed to be essential: 

1) a polymerizable unsaturated organic compound containing at least two polymerizable unsaturated 
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groups, e.g., trimethylol propane triacrylate; 

2) a vinyl poiymerizable unsaturated, hydrolyzable silane, e.g., gamma-methacryioxypropyl trimethox- 
y si lane; 

3) a surfactant, such as a polysiloxane; and 

5 4) a free-radical generator such as an organic peroxide. 

The inclusion of a surfactant is an integral and necessary part of the Godlewski et al. compositions. A 
significant connmercial drawback of such connpositions is that the peroxide (4) and the pciynnerizable 
unsaturated organic connpound (1) must be kept separate prior to actual blending into polymer matrix or 
treatment onto the surface of fillers. Therefor©, its use requires that two or more of the components be 

10 added at the time of incorporation. 

Gaylord, U.S. 4,317,765, discloses a two-part coupling agent that does not include a silane but is 
reported to provide polyolefin compositions having improved physical properties. The Gaylord composition 
is comprised of an ethylenically unsaturated carboxylic acid or anhydride, iiluslratively maieic anhydride, 
and a free-radical generator, such as an organic peroxide. 

75 According to the Gaylord disclosure, the coupling agent may be incorporated by a one-step method 
directly into the polymer composition, or by a two-step method whereby the filler particles are encapsulated 
with a polymer material via the coupling agent. The encapsulating polymer may or may not be the same as 
the matrix polymer in the final composition. Preferably, the coating and matrix polymer are of the same 
chemical species, however, with the matrix polymer having a lower melt index and higher molecular weight 

20 than the coating material. In either the one-step or two-step process, the ethylenically unsaturated material, 
free-radical generator and polymer must be added simultaneously to produce the beneficial results, making 
the mixing requirements and order of addition critical to overall performance and introducing significant 
commercial processing drawbacks. A five-fold decrease in Izod Impact Strength was observed when orders 
of addition were varied. 

25 Marzola et al., U.S. 4,429,064, disclose mica-reinforced polyolefin compositions comprising a maleamic 
silane modifier. The mica is pretreated with from 0.01 to 7 percent by weight of a modifier, typically of 
formula 

0 O 

HO- C-GH = CH- C-NH2Si(R)n 
30 wherein Z is a(n) aliphatic, aromatic, cycloaliphatic or heterocyclic divalent radical, R is Ci -s alkoxy. or 
halogen, and n is 1-3. The modified mica is- blended with polypropylene and the physical properties, heat 
distortion temperature and melt flow are found to be improved somewhat over those obtained with 
unmodified mica. 

The present invention overcomes the problems of the prior art by providing a stable, two-component 
35 reinforcing additive composition which can be added to the filler at a convenient point in a single step. It 
can also be used as pretreatment onto filler particles without a polymer material present to encapsulate the 
particle and eliminate the need for a surfactant. 

Unlike both Bixler et ai. and Godlewski et al., there is also no need to include a component having at 
least two vinyl functions as an essential component Unlike Godlewski et al. it is unnecessary to include a 
40 surfactant as an essential component, and the two component system discovered herein provides better 
heat distortion temperature, impact strength and flow properties in polypropylene than does the Godlewski 
et al. compositions, which represent the current state-of-the-art. In contrast to Gaylord, the present additives 
do not require critical mixing steps to achieve high, reproducible physical properties. In comparison, with 
the single component coupling agent of Marzola et al. it has been discovered that inclusion of a free radical 
45 generator in a maleamic silane modifier provides a vast and entirely unexpected improvement in ultimate 
properties and processability of difficult to reinforce polyolefin compositions. 



50 



55 



SUMMARY OF THE INVENTION 



According to the present invention there are provided reinforcing additives for use in a reinforcing 
inorganic filler mixture, said additive comprising: 

(a) a vinyl-polymerisable unsaturated, hydrolyzable silane of the formula 
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3-m 



(R^O)j^ Si— R~NH-C-CH=CH-COR" 



TO 



wherein and are independently selected from Ci-Cs monovalent hydrocarbyl radicals, R* is alkyiene 
containing from 1 to 12 carbon atoms; is hydrogen or a Ci-Cs monovalent hydrocarbyl radical, and m is 
a whole number of from 1 to 3; and 
(b) a free radical generator. 
Also provided by the present invention are reinforcing filler mixtures for a polyolefin resin, said mixture 
comprising: 

{^) from 20 to 99.9 parts by weight of an inorganic hydroxyl-containing filler; and 
(2) from 0.1 to 80 parts by weight of an additive comprising: 
(a) a vinyl polymerizabie unsaturated, hydrolyzable silane of the fonnula 



20 



3-m 0 0 
4 II II 5 



wherein R^ and R^ are independently selected from C7-C3 monovalent hydrocarbyl radicals, R* is alkyiene 
containing from 1 to 12 carbon atoms; R^ is hydrogen or a Ci-Cs monovalent hydrocarbyl radical, and m is 
a whole number of from 1 to 3; and 
(b) a free radical generator. 
The invention also contemplates reinforced polymer compositions comprising: 

A. an olefinic homopplymer or copolymer integrally blended with the individual components of 

B. an effective reinforcing amount of a reinforcing filler mixture, said mixture comprising 

(1) from 20 to 99.9 parts by weight of an inorganic hydroxyl-containing filler; and 

(2) from 0.1 to 80 parts by weight of an additive comprising: 
(a) a vinyl polymerizable unsaturated, hydrolyzable silane of the formula 

35 

I 3-m 0 0 

1 I , II Is 

(R 0)^ Si~R NH-C-CH=CH-COR 



wherein R"" and R^ are Independently selected from CrCs monovalent hydrocarbyl radicals, R* is alkyiene 
containing from i to 12 carbon atoms; R^ is hydrogen or a Ci-Cg monovalent hydrocarbyl radical, and m is 
a whole number of from 1 to 3; and 
(b) a free radical generator. 

As further embodiment, the invention provides methods of reinforcing a polyolefin resin which comprise 
blending an olefinic polymer or copolymer with an effective reinforcing amount of a reinforcing filter mixture 
as defined above until substantially homogeneous mixture is obtained. 

Special mention is made of compositions and methods wherein the silane comprises a compound of 
the formula 

o o 
It II 
{CH3CH20)3 Si-CHaCHaCHrNH- C -CH = CH- C -OH; 

the free radical generator comprises an organic peroxide, especially 1,4-di-(2-tert-butyI-peroxyisopropyl) 
benzene; the reinforcing filler comprises glass, clay, mica, or a mixture thereof; and the polyolefin 
comprises polyethylene, polypropylene or a mixture thereof. 



DETAILED DESCRIPTION OF THE INVENTION 
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As indicated above the compositions of the present invention are especially useful to improve the 
physical properties e.g., reinforcement and hydrolytic stability, of poiymer compositions. 

5 The vinyl-polymerizable unsaturated hydrolyzable silanes used as component (a) are commercially 
available and they can be made by procedures well known to those skilled in the art. Reference is made to 
the above-mentioned patent of Marzola et ai., U.S. 4,429,064, Typically a terminally-amino-substituted 
monoalkyi, alkoxy/alkyi silane is reacted with maleic acid or anhydride or an ester thereof to produce the 
maieamic silane. The preferred compound, as set forth above, can be made by reacting gamma- 

10 aminopropyltriethoxysilane with maleic anhydride at about 70* C in a nitrogen atmosphere in a molar ratio 
of 1:1 in accordance with such procedures. 

Suitable free radical generators for use as component (b) can comprise Inorganic and/or organic 
compounds which comprise a family well known to those skilled in this art. See. for example, the disclosure 
in the Bixler et al., Godlewski et al, and Gaylord patents mentioned above. The organic peroxides are 

T5 preferred as free radical generators; they illustratively comprise compounds of the type listed in the 
following table: 



Catalyst 


Temp 


Half Life 




•c. 


Minutes 


1 ,4-di-(2-tert-butyl peroxyisopropy!)ben2ene (40%) 


160 


6 


2,5-dimethylhexy!-2,5-di(perben2oate) 


130 


18 


cyclohexanone peroxide 


130 


20 


t-butyi peracetate 


130 


24 


1,1-di-t-butyi peroxy-3,3,5-tnmethyl-cyclohexane (40%) 


130 


24 


t-butyl di(perphthalate) 


130 


30 


2,5-dimethy)-2,5-di(t-butyI peroxy)hexane 


150 


18 


dicumyl peroxide 


150 


12 


dicumyl peroxide 


170 


1.5 


benzoyl peroxide 


115 


8 


benzoyl peroxide 


130 


1.2 


benzoyl peroxide 


135 


1 


t-butyl perbenzoate 


130 


30 


t-butyi perbenzoate 


170 


2 


di-t-butyl peroxide 


170 


9 


di-t-butyl peroxide 


180 


3 


2 ,4,6-tri -(t-buty 1 peroxy )tri azi ne 


170 


1 


t-butyi peroxy acid phthalate 


170 


1 


bis-(t-butyl peroxy)diphenylsilane 


170 


30 



Special mention is made of 1,4-di-(2-tert-butyIperoxyisopropyl)benzene, which is available at a 90 
percent by weight active ingredient content from AK20 Chemie under the trade designation PERKDOX® 
14; 2,5-dimethyl-2,5-di{t-butyl peroxy)hexane and 2,5-dimethyl-2,5-di(t-butyl peroxy)hexyne-3. 

The inorganic hydroxyl-containing filler used as component (1) can vary widely in type and amount. 
Such fillers form a family whose limits are well known to those skilled in this art. See, for example the 
disclosures in Bixler et al., Godlewski et al., and especially Gaylord, mentioned above. 

The materials containing hydroxyl groups used in the practice of this invention may be any of the well 
known inorganic hydroxyl containing filler materials described above or reinforcing agents such as siiicious 
materials, e.g., clay, sand, woilastonite, glass, quartz, diatomaceous earth, mica, silica, asbestos, talc, and 
kaolinite; hydr^ted or partially hydrated metal oxides, e.g., titania, zirconia, vanadia, alumina, chromia, zinc 
oxide, magnesium oxide and boron oxides; carbonates, e.g., limestone and chalk; etc. The filler material 
may be either a synthetic or a naturally occuring material and, if naturally occurring, may be used in either 
the purified or unpurified form. Special mention is made of glass, ciay, mica or a mixture of any of them, 
and particularly mica. 

Almost any polymer will benefit from inclusion of the reinforcing additive of this invention. In general, 
they will comprise thermoplastic polymers having labile atoms which provide sites for the formation of free 
radicals. Illustratively, these include polymers of olefins (e.g., homopoiymers and copolymers) with polar 
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\ tomers (eg homopolymers and 

copolymers with n^ethacrylate. acryl.c ^c^6J^ ^^^"J'^Tyn^ers such as homo- 

ethyl methacrylate. ''"'y' f ^'^^/^j^y, monomers such as 'J' butyral; homopolymers 

copolymers ot styrene and o he v.ny ^t^er and vmyi Duty ' 

5 powers and copolymers of v.nyl acetate v.^^^^^^^^^ polyisoprene. P^'^f '''^J' ^.^^^^^^^^^^ 

„ monoxide and sulfur d'ox-de e^g <^^^ ^^.^ns. vinyl chlonde ^^^J'^'^^^''^^^^^,^ of formal- 

copolymers of ^^^^^^ ^^^^jff^Xony^ compounds e.g^. ^^-^P^'^^^J^^^^^^^ may also be 

Homopolymers and copolymers o ^ ^^^^ ^3^^. Condensatio p J' j 3,^.0^01 

dehyde. acetaldehyde. ^^^'^'^^^^^^^ are obtained by the ooo6Br.^^^o^ ^polyester resin 
used such as P^'^f acids which may be used ^ ,^ the p y 

ao and a P°'y'=^*°'^y''^/'=1S^^^^^^ acid, adipic ac.d ^P^^^^^^^^^^^^ J polyester of 

include phthalic aad. P^^^™^^ ^.^ohols which may be '^f^iL^^^^^^^^^ resins, e.g.. 

n^aleic anhydride ^^■^^;J'^^X\ucy^ as ethylene glycol. P^fP^lene jlyc^^^ete J^^^^^^^ 
alkyd resin may '"<='"'^! ^'^^^^'i'^^tSn of a polycarboxylic acid such as ^^f^^^^l^^^^^^ne triamine, 
polymers obtained by "^^'=°"^,"h as eSylene diamine, hexamethylene ^'f^^.^^^^^'^by reaction of a 
,a dimer acid with a po.yam.ne such as ethyl ^^^^^^^^ ^ g., p^y^ers '^'^^'^^l' ^.ch as 
and polyimide ^^^^ ^^^tZo:,^^ ..6 diphenylmethane d"socy^^^^^^^^^^ 
diisocyanate such as *° °" Q^jde polytetramethylene 9lyco'. 'iVf °^ , ^ ^ged. Other 
polyethylene oxide. Po'vpropyiene 5,;,y,.terminated polybutad.ene J^Js as well as 

Uxyl-termmated P^vjo^^^^^ as PoWcajbonates J^^^^^^^^^^^^^^ P-ducts of 

30 themoplastic f^^'"^^ ''^'^^ °" j Jniay also be used. Epoxy resins /"j ^^q, ^poxylated novolac 

Pyrolin® and Durimid®; Kerimia ^^^^ 

. , „p« havinq labile atoms which provide sites ^^J^ polybutylene tereph- 

Thermoplastic polyme s *^avmg ^^^.^^^ ^^^^^^ P"'^®^*®' V,! acrvlonitrile copolymer, 

addition to those previously e^merated 'nc ^ ^^^^^^ ^^^^ ^^'t^D1w^n^tene oxide and 

be made at ambient te^PJ'^^^^^j,",^^ matrix. It desired, the -'"y^P°'y7!^';f^^^^^^ additives) can 
distribute the ":o'^P°"^"*^^l°"y°J^^:^^ (collectively refenred to "^^^ '^.Ij "oeraUon or it can be 

ble silane. --f;^':i;X^'':^Z^\^r.^ without n?" operations can 

be incorporated into the ° granular or powdered form. All °' J^j; . ; additives can 

ss mixed with the P^'y'"^;"; '^^^"JttrS^or point in the formulation ^^oc^''^^^^^^ X7^^^^^^^o.. The 
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addition can be perfornned before, during or after grinding of tiie filler to the desired particle size. An 
advantage of this invention is that the point of addition of the reinforcing additives can be conducted at the 
most convenient and economical point in the overall formulation procedure including additions as pointed 
out above to the starting matrials prior, during or after their formation or processing. 

5 integral blending of the additives has a substantial economic advantage over a pre-treated filler which 
involves savings in time and energy, and provides convenience and simplicity. Pre-treatment of a filler with 
an additive, e.g, a coupling agent, is a separate operation requiring a high intensity mixer like a Henschel or 
twinshell blender equipped with a revolving high RPM intensifier mixing blade to prevent agglomeration. 
The reinforcing additives must be added siowiy at a steady flow rate to prevent agglomeration. During the 

10 pretreatment step, localized high temperatures are encountered at or near the high speed mixing blades of 
the equipment employed. This prevents introducing a resin to the filler because the resin would melt and 
result in agglomeration. 

In utilizing the integral blending technique, the reinforcing additives must be capable of dispersing the 
filler and the reinforcing additives must also be capable of being uniformly distributed throughout the filler. 

15 This prevents agglomeration. In integral blending according to this invention, the reinforcing additives can 
be added rapidly (one-shot) to the filler or filler/resin mixture followed by gentle agitation. Low level usage 
of the reinforcing additives, while still maintaining benefits of the reinforcing additives, is a substantial and 
unexpected advantage of this preferred feature. Furthermore, the reinforcing additives can be integrally 
blended according to this invention directly into the processing equipment (e.g.. Banbury) containing the 

20 fiiier/resin mixture and prior to the fluxing stage of the melt composite. For these reasons integral blending 
is a preferred embodiment of the present invention. 

The amount of reinforcing filler blended with the thermoplastic organic polymer may vary over a wide 
range depending upon the particular end-use application. Usually the reinforcing filler mixture is at least five 
(5%) percent by weight, of the filled thermoplastic polymer blend to obtain a substantial effect on the 

25 physical and processing characteristics. It is rarely desirable that the reinforcing filler mixture exceed 
eighty-five (85%) percent by weight of the filled thermoplastic polymer blend. Of the reinforcing filler 
mixture, the reinforcing additives may vary from about 0,1 to 80 parts by weight, the remainder being the 
inorganic filler. Of the reinforcing additives, for every 100 parts by weight of the vinyl-polymerizable 
unsaturated hydrolyzable silane the free radical generator will be present in an amount from about 0.1 to 25 

30 parts by weight. Within these limits the preferred amount of each component will depend largely upon the 
choice of components in general and the specific end use application. For these reasons further limitations 
of the ratio of components to one another cannot be provided without detracting from the spirit of the 
present invention. 

In addition to the additives, previously discussed in detail, other ingredients conventionally used in such 
35 compositions may also be incorporated. These include where appropriate, platicizer, vulcanizing agents, 
crosslinking agents, lubricants, antioxidants, dyes, pigments, and the like. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 

The following examples illustrate the present invention but are not to be construed as limiting the claims 
in any manner, 

45 

EXAMPLE 1 



To 527 parts by weight of an organofunctional si lane of the formula 

o O 
n II 
(CHoCHsOja Si-CH2CH2CH2-NH- C -CH^CH- C -OH 

was added 31.36 parts by weight of 1,4-di(2-tert-butylperoxyisopropyi)benzene (AK20 Chemie PERKDOX 
14). The stability of this reinforcing additive composition was evidenced by the fact that it was stored in a 
seated container as long as two months prior to use, without any loss in performance. 



EXAMPLE 2 
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The reinforcing additive of Example 1 was coated onto the surface of mica (HAR-160 from KMG 
Minerals, Inc., Kings Mountain, N.C.). at 1 .0 percent by weight based on the weight of mica. The coated 
mica was dried at 100*C for 2 hours to produce a reinforcing filler mixture in accordance with this 
invention. 

5 

EXAfVIPLE 3 



10 The treated mica of Example 2, 40 parts by weight was blended with 60 parts by weight of 
poiypropyiene powder (Profax-6523 pm from Hercules, Inc.) for 10 minutes in a PK blender. The dry biend 
^43 extruded in a Brabender twin screw extruder, pelletized. and then molded in an injection molding 
mocNne at 700 psi into test specimens comprising polyoleftn compositions reinforced in accordance with 
t!^ p-esent invention. 

EXAMPLES 4 AND 5 



X / reinforcing additive in accordance with Example 1 was coated onto the surface of the same mica, but 
r r ^'OrzQnx by weight based on the weight of the mica. The resulting reinforcing filler mixture parts by 
•^^.r ■ «as melt blended with 60 parts by weight of polypropylene powder and molded and tested following 
;'^:edure of Example 3. 

COMPARATIVE EXAMPLES 2A AND 4A 



f » comparison purposes. Union Carbide Corporation's Ucarsil PC-1 A/PC-IB (3:1 w/w) was treated onto 
• ^ A* 10 percent and 2.0 percent by weight based on weight of mica, and dried as described in 
f .^i**f>% 2 and 4, The Union Carbide product is disclosed in Godiewski. et al.; 4,481.322, and represents 
c-'r«r: s:aie-of-the-art. 



COMPARATIVE EXAMPLE 3A AND 5A 



B?ends comprising 40 parts by weight of the prior art reinforcing additives of Comparative Examples 2A 
aix3 4A wrth 60 parts by weight of the same polypropylene powder used in Examples 3 and 5 were 
-c c^uiJc^i. molded and tested by ASTM methods following the procedure of Example 3 but using a 900 psi 
tf^eooft molding pressure. 

Tr^c properties obtained on the molded workpieces are set forth in the Table: 



so 
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Tabie 



70 



15 



Mica Reinforced Polypropyfen© 




Examples 


Comparative 
Examples 


3 


5 


3A 


5A 


Percentage of si lane/peroxide on nr>ica 


1.0 


2.0 


1.0 


2.0 


Rexurai Strength psi 


10,660 


11.430 


10.300 


10.700 


Fiexurai Modulus psi 


940 


940 


945 


950 


Tensile Strength psi 


6.360 


6.330 


. 6,400 


6.400 


Tensile Modulus psi 


649 


560 


627 


619 


l20d Impact Strength ft-!b/in 


0.45 


0.42 


0.40 


0.43 


Gardner In^pact Strength ft-tb 


3.01 


3.85 


2.70 


2.90 


Heat Deflection Temp. * F at 264 psi 


239 


253 


227 


234 



20 



25 



30 



The data In the table show that fiexurai strength, Gardner impact strength, and heat deflection 
temperature are significantly improved when the mica is used with the reinforcing additive of this invention, 
when compared to a current state-of-the-art reinforcing additive. The increase in heat deflection temperature 
is very significant and is useful for extending the use of mica-reinforced polypropylene into applications for 
which It cannot now be used. 

A further benefit observed in the processing of Examples 3 and 5 of the present invention is that the 
injection pressure of the molding machine should be reduced from conventional 900 psi. used with 
comparative Examples 3A and 5A, to 700 psi. This reduction is desirable to mold without excessive 
flashing. The increased flashing is a result of the better Jlow properties associated with the reinforcing 
additive of this invention. This improved flow property is advantageous for increasing throughput efficiency 
of injection molding equipment and the ability to completely fill intricate molds. It also enables higher filler 
loadings to be used. 



35 



40 



45 



EXAMPLE 6 



A composition according to this invention can be prepared by integrally blending the dry reinforcing 
additive composition of Example 2, mica, and polypropylene powder used in Example 3. The dry blend is 
extruded, peiletized, injection molded into workpieces and tested. 

The above-mentioned patents and publications are incorporated herein by reference. 

Many variations of this invention will occur to those skilled in the art in light of the above, detailed 
description. For example, instead of poiypropyiene, polyethylene, or a random block ethylene/propylene 
copolymer, or a poly(4'methylpentene-1), or poly(butene-1 ) can be used. Instead of mica, 1/8 inch chopped 
glass fibers or clay can be used. Instead of the peroxide exemplified, dicumyl peroxide can be used. All 
such obvious variations are within the full intended scope of the appended claims. 



Claims 



50 



1. A reinforcing additive for use in a reinforcing inorganic filler mixture, said additive comprising: 
(a) a vinyl-polymerizable unsaturated, hydrolyzable silane of the formula 



55 



3 



wherein and are independently selected from Ci-Cs monovalent hydrocarbyl radicals, R4 is alkylene 
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containing from 1 to 12 carbon atoms; is hydrogen or a Ci-Cs monovalent hydrocarbyl radical, and m is 
a whole number of from 1 to 3; and 
(b) a free radical generator 

2. A reinforcing additive as defined in Claim 1 wherein component (a) is of the formula 

(CH3CH20)3 Si-CHaCHaCHa-NH- C -CH = CH- C -OH. 

3. A reinforcing additive as defined in Claim 1 wherein component (b) comprises an organic peroxide, 

4. A reinforcing additive as defined in Claim 3 wherein said organic peroxide comprises 1 ,4-di-(2-tert- 
butylperoxyisopropyi)benzene. 

10 5. A reinforcing additive as defined in Oaim 1 wherein component (b) comprises from about 0.1 to 
about 25 parts by weight per 100 parts by weight of component (a), 

6. A reinforcing filler mixture for a polyolefin resin, said mixture comprising 

(1) from 20 to 99.9 parts by weight of an inorganic hydroxyl-containing filler; and 

(2) from 0.1 to 80 parts by weight of the filler of an additive comprising: 
IS (a) a vinyl-polymerizable unsaturated, hydrolyzable silane of the formula 




m 



^^^^^ 4 S 2 5 

Si R -NH-C-CH«CH-COR^ 



wherein and are independently selected from Ci-Ca monovalent hydrocarbyl radicals. R* is alkylene 
containing from 1 to 12 carbon atoms; is hydrogen or a Ct-Cs monovalent hydrocarbyl radical, and m is 
a whole number of from 1 to 3; and 
(b) a free radical generator 

7. A reinforcing filler mixture as defined in Claim 6 wherein component (1) comprises glass, clay, mica 
or a mixture of any of the foregoing. 

8. A reinforcing filler mixture as defined in Claim 7 wherein component (1) comprises mica. 

9. A reinforcing filler mixture as defined in Claim 6 wherein component (a) is of the formula 

0 O 

(CH3CH20)3 Si-CHaCHsCHs-NH- 0 -CH = CH- C-OH. 

10. A reinforcing filter mixture as defined in Claim 6 wherein component (b) comprises an organic 
peroxide. 

11. A reinforcing filter mixture as defined in Claim 10 wherein said organic peroxide comprises 1,4-di-(2- 
tert-buty!-peroxyisopropyl)benzene. 

1 2. A reinforced polyoleftn composition comprising 

A. an olefinic homopoiymer or copolymer; integrally blended with the individual components of 

B. an effective reinforcing amount of a reinforcing filler mixture, said mixture comprising 

(1 ) from 20 to 99.9 parts by weight of an inorganic hydroxyl-containing filler; and 

(2) from 0.1 to 80 parts by weight of the filler of an additive comprising 
(a) a vinyl-polymerizable unsaturated, hydrolyzable silane of the formula 



45 



r3 

i"^ 0)^ Si R^-UH-C-CH^CH-COR^ 



wherein R' and are independently selected from d-Cs monovalent hydrocarbyl radicals, R* is alkylene 
containing from 1 to 1 2 carbon atoms; is hydrogen or a Ct -Cs monovalent hydrocarbyl radical, and m is 
a whole number of from 1 to 3; and 
(b) a free radical generator 

13. A reinforced polyolefin composition as defined in Claim 12 wherein component A comprises 
polyethylene, polypropylene or a mixture thereof. 

14. A reinforced polyolefin composition as defined in Claim 13 wherein component A comprises 
polypropylene, 

15. A reinforced polyolefin composition as defined in Claim 12 wherein component (1) comprises glass, 
clay, mica or a mixture of any of the foregoing. 

10 



BNSDOCtD- <EP 0370S51A2J_> 



EP 0 370 551 A2 



16. A reinforced polyolefin composition as defined in Claim 15 wherein component (1) comprises mica. 

17. A reinforced polyolefin composition as defined in Claim 12 wherein component (a) is of the formula 

O .0 

(CH3CH20)3 Si-CH2CH2CH2-NH- C -CH = CH- C-OH. 
5 18. A reinforced polyolefin composition as defined in Claim 12 wherein component (b) comprises an 
organic peroxide. 

19. A reinforced polyolefin composition as defined in Claim 18 wherein said organic peroxide comprises 
1»4-di-(2-tert-buty(-peroxyisopropyl)ben2ene. 

20. A method of reinforcing a polyolefin resin which comprises integrally blending an olefinic homo- 
70 polymer or copolymer with an effective reinforcing amount of the individual components comprising a 

reinforcing filler mixture as defined in Claim 6 until a substantially homogeneous mixture is formed. 
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® There are provided reinfordng additives, e.g., for 
polyolefins, comprising (a) a hydrolyzable silane hav- 
ing an ethyienically unsaturated amide substituent 
and (b) a free radical generator. Also provided is a 
single step method of using such additives with 
hydroxyl-containing reinforcements, such as mica to 
improve processabiiity and physical and thermal re- 
sistance properties of reinforced resin compositions. 
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